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Introduction
High concentrations of biological agents contained in grain dust derived from conventional and organic cropping systems could pose a real danger of developing respiratory diseases in people doing agricultural work. Conventional and organic cropping systems significantly differ in terms of method of fertilization and plant protection, and this may influence the biological agents contained in grain dust which can cause various health effects in humans. The views concerning the impact on health of the two production systems are still divided, not only because of the quality of raw materials produced, but also because of the health hazard for people working with crops. One theory assumes that a different method of fertilization, characterized by organic farming, causes changes in the metabolism of plants. Greater amounts of secondary metabolites cope better with the threats in the form of fungal diseases or insects. This would mean that pathogenic fungi should be less frequent in products derived from organic production systems. On the other hand, in organic farming conventional antifungal preparations are not applied. The ecological system prohibits chemical treatment of raw materials, and seed quality standards in organic farming provide detailed features of the grain [1] . In addition, there are also specific plant protection measures which are essential in conventional agriculture in the fight against weeds and pests. From this point of view a greater number of weeds and crop dam-age by pests can contribute to greater infestation by pathogenic fungi. Ambiguity on this subject prompted the Department of Allergology and Environmental Hazards from the Institute of Rural Health in Lublin to perform mycological tests and assess the population of grains and organic dusts from farms with conventional and ecological profiles of fungi pathogenic for humans.
Data taken from the reports of the Agricultural and Food Quality Inspection show that in recent years, organic farming in Poland has been growing rapidly, and organic agricultural producers constitute the majority of agricultural producers. Data obtained from the Central Statistical Office, from the years 2009-2010, indicate that organic agricultural producers accounted for approximately 98% of all producers. In 2010 we saw an increase in the number of organic producers in 15 Polish provinces, with the exception of the Małopolska province. In the structure of organic agricultural land derived from 2010, meadows and pastures had the largest share (42.3%), followed by crops to feed (20.6% of agricultural land), then corn (19.6%) and other crops (17.5%) [2] . One of the oldest and most widely grown cereals in the world is wheat. According to literature sources the area under wheat in Poland in 2008 was 2 277 954 ha [3] . Wheat, like other grains, can be infected at all stages of its development by fungi, which in turn can reduce grain quality and can cause significant losses in yield [4] [5] [6] . One of the grains belonging to plants less susceptible to fungal diseases is a mutant of wheat and rye, triticale [7] . Triticale cultivation has many advantages: it is more resistant to diseases of wheat and rye (including complete resistance to smut and rust caused by fungi of the genus Basidiomycetes), to lodging, has good winter hardiness, has lower soil requirements than wheat, and greater resistance to weeds and drought [8] . Numerous studies indicate that the grain ripened in spikes or stored in low humidity conditions, subjected to microdamage resulting from the technique of harvesting and the threshing machine, may be a substrate for the growth of fungi [9] . The composition of fungi present in the grain depends on the conditions prevailing during the growing season (e.g., weather conditions, the method of cultivation, application of chemical fertilizers and pesticides) [1, 10] . Many studies confirm that climatic conditions have a significant impact on the development of various plant pathogens. The species of the genus Fusarium prefer high humidity persisting longer than 24 h and air temperatures reaching above 20°C [11] [12] [13] [14] [15] [16] . Some of the research conducted at the Institute of Rural Health in 10 samples of wheat and 10 samples of settled dust, collected from farms that carry out threshing using a combine harvester, showed the presence in grain of wheat fungal species Alternaria alternata, Geotrichum candidum, Aspergillus fumigatus, Monilia candida and white yeasts, in samples of settled dust fungi of the genus Penicillium and species Alternaria alternata, Rhodotorula rubra, Oidiodendron flavum, Monilia linicola geophila and Cladosporium linicola [17] .
The population of professionals potentially exposed to biological agents contained in the grain dust are agricultural workers (including employees of certain sectors of the agro-food industry) [18, 19] . In many studies the authors have shown that inhalation of organic dust contaminated with mold spores may cause allergic respiratory diseases. The literature shows that the components of organic dust can cause asthma, allergic alveolitis, organic dust toxic syndrome (ODTS), byssinosis, chronic bronchitis, allergic rhinitis, mucous membrane irritation, sick building syndrome (SBS), chronic fatigue syndrome (CFS) and certain infectious diseases and cancer [17, 18, 20] . Very high exposure in the agricultural work environment occurs during grain harvesting and threshing, feed administration, rapeseed threshing, herbs cleaning, tobacco cultivation, collecting hay from the fields, flax turbination and pig and cattle breeding [17, [21] [22] [23] [24] . Previous studies conducted at the Institute of Rural Health on health risks for farmers in conventional farms showed that molds belonging to different genera and species, such as Penicillium spp., Mucor spp., Alternaria alternata, Cladosporium fulvum, Cladosporium herbarum, Aspergillus fumigatus, Aspergillus niger, and Aspergillus candidus may be etiologic factors of allergic and immunotoxic diseases. In the literature there are few data on levels of pathogenic fungi in the work environment of farmers. There is no information about the health hazards of agricultural producers in the Polish organic farms. Most research on organic farms, from the last decade, mainly focused on the phytopathological aspect. To date there are no specified levels of molds and their metabolites in organic dusts from organic farms.
Aim
The aim of research conducted at the Institute of Rural Health in 2010-2011 in Lublin, Poland was to compare the existing occupational risk for agricultural producers due to the presence of mold in the grain and grain dust on conventional and ecological farms. Comparison of the two tillage systems helps to determine whether a particular system has an effect on colonization of wheat and triticale by filamentous fungi and yeasts, which in turn may be a potential cause of symptoms in people exposed to inhalation of grain dust.
Material and methods
As part of the project by the Department of Allergology and Environmental Hazards from the Institute of Rural Health in Lublin in 2010, wheat grain and wheat dust formed during the threshing of wheat were sampled, while in 2011 triticale samples (grain and dust) formed during the threshing of grown triticale were collected in conventional and organic farms from the Lublin area. The concentration and composition of species of fungi on potato agar (PDA) in the collected samples of wheat and triticale were determined. The collected samples of specified concentration and species composition of filamentous fungi, using the dilution plating method consisting in the execution of logarithmic dilutions of the sample (from 10 2 -10 8 ), were then plated onto the substrate with each dilution. The plates were incubated in a thermostat at 30°C for 72 h then at room temperature for 72 h, after which the specified concentration of fungi in CFU/g was determined. In the final stage the fungal species were identified using macroscopic and microscopic methods (size, shape, size and color of the colony, shape, color and surface of conidia, length and color of conidiophores, the number of sterigma rows) based on mycological keys, and finally the species composition of flora was determined in percentages and images were made with a microscope and camera.
Results
In the samples of wheat grain and dust collected from organic farming significant levels of fungi were found. In the dust of wheat they were present in the range of 25 × 10 5 -33 × 10 5 CFU/g, and in wheat grain within the limits of 8.5 × 10 3 -12 × 10 3 CFU/g. It should be noted that higher concentrations of fungi were found in the dust than in grain. In the samples of wheat grain collected from organic farming were Aspergillus flavus, Cladosporium sp., Aureobasidium sp., Ulocladium sp., Cladosporium macrocarpum, Fusarium sp., Penicillium sp., Ulocladium chartarum, Penicillium expansum, Cladosporium sphaerospermum and yeasts. In the samples of wheat grain and dust collected from conventional crops fungi were also found at high levels, in the dust of wheat within the range of 20.5 × 10 5 -40 × 10 5 CFU/g, and in the wheat grain 7.5 × 10 3 -20. um expansum, Ulocladium sp., Mucor sp., Alternaria sp. In the samples of triticale grain and dust samples from organic farming were the following concentrations of fungi: the dust from triticale -19 × 10 4 -38 × 10 4 CFU/g, in triticale grain -0-5.5 × 10 3 CFU/g. In the triticale grain samples from organic farming, the following fungi were identified: yeasts, Cladosporium macrocarpum, Absidia sp., Fusarium sp., Alternaria alternata, Aspergillus sp., Cladosporium herbarum, Cladosporium sp. In the samples of triticale grain from conventional farming, the following fungi were present: yeasts, Ulocladium sp., Penicillium sp., Alternaria alternata, Fusarium sp., Cladosporium macrocarpum, Stachybotrys chartarum, Gonatobotrys sp., Cladosporium herbarum, Cladosporium sp. In the samples of triticale grain and dust collected from conventional crops the following concentrations of fungi were determined: the dust from triticale, 6.6 × 10 4 -47 × 10 4 CFU/g; in triticale grain, around 1.5 × 10 3 -7 × 10 3 CFU/g. The concentration of fungi in the collected samples of organic farms was lower than in samples from conventional farms, which may indicate a higher efficiency of organic farming in terms of contamination of mold fungi. In tests of triticale dust from organic crops the following fungi were identified: Fusarium sp., Ulocladium sp., Cladosporium macrocarpum, Cladosporium sp., yeasts, Alternaria alternata, Gonatobotrys sp., Aureobasidium sp., Penicillium sp., Rhizopus sp., Trichophyton sp., Fusarium culmorum. In the samples of triticale dust from conventional crops, the following molds were found: Aureobasidium sp., Fusarium sp., Ulocladium sp., yeasts, Gonatobotrys sp., Alternaria alternata, Cladosporium sp., Penicillium sp., Aspergillus fumigatus. The isolated fungi, as well as the dominance of species including Alternaria alternata, are known and are confirmed by the literature of this field [25, 26] . These results are consistent with the objectives of the research project, i.e., pathogenic fungi are present in smaller amounts of products derived from organic production systems. Despite the fact that organic farming does not apply antifungal preparations and typical characteristics of plant protection measures, which are the basis in conventional agriculture of the fight against weeds and pests, it is appropriately matched to the type of cereal crops to better cope with threats such as fungi. It should be noted that the meteorological conditions during the summer in the years 2010-2011 were extremely wet, which had a significant impact on biodiversity and concentration of the identified species. The high degree of grain infestation was associated with the weather conditions prevailing during the growing season. High levels of precipitation and moderate temperatures during the summer months (June-August) constitute a favorable environment for the development of fungi infecting grain [26] . The entire test results revealed a significant health hazard for agricultural producers, due to the presence of allergenic and toxinogenic molds occurring in crops of wheat and triticale. They represent a potential health hazard for farmers exposed to inhalation of dust during operation and thus indicate a substantial degree of occupational exposure in this occupational group.
Discussion
The research indicates considerable contamination of grain samples and grain dust samples of wheat and triticale with molds. The scientific literature widely describes exposure to mycotoxins entering the body by ingestion but inhalation exposure -most relevant for hygiene and occupational medicine -is still poorly understood [9] . From trials with conventional and organic crops of wheat, the most frequently isolated were fungi from the genera Cladosporium and Fusarium and also yeasts. In the case of triticale, the most numerous were fungi of the genera Fusarium, Cladosporium, Alternaria, Ulocladium and also yeasts. Fusarium spp. produce many metabolites and the most important group of metabolites among zootoxins are trichothecenes, which can cause numerous human and animal intoxications [27] . Fungi of the genus Cladosporium very rarely cause opportunistic fungal infections, but from the standpoint of allergy are a common allergen [28] . Cladosporium and Alternaria are responsible for inhalant allergies (oculorhinitis, mold asthma). They can also cause allergic alveolitis: Alternaria -"woodworker's lung", Cladosporium -"tobacco worker's lung". Also important for allergy are yeast, Aspergillus and Penicillium [29] . Ulocladium sp. rarely causes disease in humans. Among the isolated fungi Aspergillus and Trichophyton occurred less frequently. According to the classification, taking into account biosafety of fungi potentially pathogenic for humans and animals, fungi have been included in the class of BSL-2 because they are not neutral to human health [30] . In this group are also fungi of the genera Fusarium and Absidia. Rhizopus sp. and yeasts can have first or second degree of risk to health [28] . The literature shows that diseases caused by the harmful effects of mycotoxins -mycotoxicoses -have been known for many years. Inhaled mycotoxins with grain dust arising during agricultural work are a potential occupational hazard for farmers. Particularly important are the trichothecenes, produced by different species of fungi of the genus Fusarium, and ochratoxin, produced by fungi of the genera Aspergillus and Penicillium [17, 31] . Because of their low volatility, mycotoxins rarely can be secreted directly into the air or may be present in airborne particles or hyphal fragments with a diameter allowing them to reach the alveoli [32] . In the situation when the grain dust has several mycotoxins, their effect may accumulate and cause disease symptoms in the form of "acute episodes of lung" and other symptoms such as burning eyes, shortness of breath, chest pain, fever, dry cough and malaise [17, 31, 33, 34] . High risk of exposure to inhaled mycotoxins occurs due to storage of grain insufficiently desiccated, high temperatures, and lack of air circulation in the silo. Health risk is also associated with emptying silos (or other grain storage areas), and further marketing or processing of grain (trade, milling, etc.) [9] . The frequent occurrence of T-2 toxin -an inhibitor of protein synthesis that affects the immune system -is found in different varieties of winter and spring cereals. The highest concentration of this mycotoxin was observed in organic cereals such as wheat, rye and triticale. Zearalenone, another dangerous mycotoxin, according to the literature appeared widely in organic cereals such as rye, barley and oats [33, 35] . Consuming food or feeding animals with mycotoxin contaminated feed can cause various diseases in humans and animals referred to as mycotoxicoses. They represent a direct threat to humans and warm-blooded animals. The danger arising from the possible production of toxic fungi metabolites is included in the assumptions of the national defense. Mycotoxins such as aflatoxin and T-2 toxin are recognized by the National Security Bureau as potential biological weapons [36] .
Conclusions
Based on the survey it was found that the concentration of fungi in the collected samples from ecological farms was lower than in samples taken from conventional farms. In samples of grains and grain dust of wheat and triticale, higher concentrations of fungi occurred in the dust than in grains. This indicates a high degree of risk to the health of people working on growing, harvesting and storing grain. The isolated species of fungi also demonstrated the direct exposure of people engaged in agricultural work to the effects of metabolites produced by these fungi. Although not all aspects of the impact of mycotoxins on humans by inhalation are known, there is reason to believe that long-term inhalation of even small doses of these compounds not only can cause mycotoxicosis, but may also involve the risk of cancer [17, 31, [37] [38] [39] [40] [41] [42] . The review of the literature and our own investigations show that the problem of occupational exposure to the presence of molds and mycotoxins in grain and grain dust, and their role in the development of pathological changes of the respiratory system, is very important and still needs further investigation [9, [43] [44] [45] .
